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Abstract 
 

The paper's goal is to provide an overview of electronic assessment's evolution,, 

within the context of a developing e-pedagogy by investigating the changes over 

time in how e-pedagogy is described. A historical review of behaviorist and 

constructivist learning theories first identifies elements common to each pedagogy. 

Using an analogy with genetic markers, these elements (instruction, teaching, 

learning, assessment, and testing) are combined with specific electronic resources 

and functions (computer assisted/aided, computer-based, web-based, e-, and online) 

to form what the paper identifies as e-markers such as computer-assisted learning, 

web-based instruction, or e-assessment. These e-markers, in turn, provide the basis 

for tracing the history of e-pedagogy from the years 1975 to 2012. A meta-narrative 

approach, adapted to address the paper’s goal, then utilizes e-marker frequency 

distributions resulting from abstract searches of the literature to trace the 

development of e-assessment as part of an evolving e-pedagogy. In particular, the 

narrative suggests a behaviorist learning environment as the initial e-pedagogy 

model which, as a result of technology providing a greater variety of tools, 

subsequently gave way to the present constructivist learning environment. 

Application of the Rogers’ Diffusion of Innovation Theory provides a means to 

assess the future of a constructivist e-learning environment by investigating its 

relative advantage, compatibility, complexity, trialability, and observability. The paper 

concludes that a more rigorous constructivist theory of teaching and learning is 

necessary if constructivist e-learning environments are to gain greater institutional 

acceptance. 
 

Keywords 

e-assessment, e-pedagogy, e-markers, behaviourism, constructivism, electronic 

learning environments 

 

Introduction 

The goal of this paper is to provide an overview of the evolution electronic 

assessment, or e-assessment, within the context of a developing e-pedagogy by 

investigating the changes occurring over time in the ways e-pedagogy is described. 

In a manner analogous to the use of genetic markers to provide information about 

the path of human evolution, e-pedagogy may be thought of as having “e-markers” 

which provide information about its evolution along with the changing nature of e-

assessment.  It is noted that the use of the term “e-marker” in this paper infers no 

mechanism for the transference of information as is the case in genetic markers. The 

e-markers described herein simply represent landmarks or signposts used to trace 

events in the evolution of e-pedagogy.  
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Whereas genetic markers consist of combinations of specific molecules that provide 

clues to an organism's history, e-markers are thought of as combinations of specific 

terms that give information about e-pedagogy's development. In particular, some 

terms found as parts of e-markers correspond to those elements associated with any 

pedagogy, whether electronic or not. Thus, it is necessary to identify those elements 

associated with pedagogy in general which later may be included in specific e-

markers.  

 

Pedagogical Elements 

While there is no generally accepted single definition of pedagogy, the 2003 revised 

second edition of the Concise Oxford English Dictionary defines it as “the profession, 

science, or theory of teaching”. Thus, teaching represents a term describing an 

element of pedagogy. Furthermore, since learning is subsequently defined as 

“knowledge or skills acquired through study or being taught”, it represents the 

outcome of teaching and thus represents another common pedagogical element. 

Closely related to both teaching and learning is the term instruction. Again, the 

dictionary defines instruction as “education or teaching.” Hence, instruction 

represents a third element associated with pedagogy.    

 

The three previously identified pedagogical elements represent general activities 

associated with pedagogy. Additional elements result by examining the role of 

measurement in teaching, learning, or instruction. To do so requires the investigation 

of two influential learning theories of the twentieth century: behaviourism and 

constructivism.   

 

Behaviourism 

Behaviourism is the branch of psychology that attempts to describe how organisms 

respond when reacting to stimuli within their environments. With the publication of 

“Psychology as the Behaviorist Views it” (Watson 1913), the field of behaviourism 

gained recognition in the early part of the twentieth century with J. B. Watson 

becoming its major protagonist. While arguing in the article against the need to study 

and understand consciousness in order to predict and control behavior, Watson 

maintained that behaviourism provided an objective approach to psychology, not 

unlike that which is used in the natural sciences. By doing so, Watson elevated 

behaviourism to the status of a valid scientific theory. As regards pedagogy, Watson 

(1913) called for applying that same theory as part of an experimental pedagogy to 

change behaviors (i.e. responses) of subjects. In this approach, tests based on the 

application of behaviourist theory are performed, responses are measured, and 

conclusions are drawn. These conclusions, in turn, are used to determine the need 

for further subject conditioning and testing. Thus, for the behaviourist, testing was 

the measurement of the outcomes or products of the pedagogical process to 

determine if the desired behaviour has been acquired. 
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Whereas Watson’s behaviourism rejected the concept of consciousness, thoughts, 

and feelings as a cause of behavior, the behaviorism of B. F. Skinner accepted the 

existence of these mental states. However, according to Skinner these states were 

themselves simply behaviours and as such were subject to the same factors as all 

other behaviours, a view which became known as radical behaviourism (Skinner 

1974). One particularly important concept emerging from this view was that of 

operant conditioning (Skinner 1937) which posits behavior is modifiable by the form, 

frequency, or strength of the consequences resulting from that behaviour. In 

particular Skinner’s creation of programed instruction and teaching machines 

illustrate the application of operant conditioning in education. 

 

Programmed instruction employed operant conditioning by dividing learning 

objectives into small units that proceeded from the simple to the complex. Moving 

linearly through the material, students received immediate feedback to their 

responses and progressed, at their own pace, after responding correctly.  To make 

this approach more efficient, Skinner (1954) advocated the use of mechanical and 

electrical devices known as teaching machines. While not meant to replace the 

teacher, these devices were envisioned as a more efficacious way to provide the 

large quantity of reinforcements required to master a subject. According to Skinner 

(1954, 93) “The simple fact is that, as a mere reinforcing mechanism; the teacher is 

out of date”. Similarly to Watson and other behaviourists, Skinner used testing in a 

summative manner to indicate whether or not the end product of the reinforcements, 

that is, learning as represented by a change in behavior, had been acquired. 

 

Inasmuch as “testing” provides the information necessary for the behaviourist to 

determine if learning from use of such means as teaching machines or programmed 

instruction has occurred, it is therefore included, along with teaching, learning, and 

instruction, as a pedagogical element for use in identifying e-markers.  

 

Constructivism 

Constructivism is a theory of learning which states that individuals create or 

“construct” knowledge about their world by testing and experimenting with ideas. The 

roots of constructivism are traceable to John Dewey who, being influenced by the 

scientific method of experimentation, became a major figure in the late nineteenth 

and early twentieth century philosophical movement known as pragmatism. In 

particular, pragmatists held that the practicality of any idea, be it a thought, proposal, 

or hypothesis, determines its value or veracity, a view contrary to behaviourist 

beliefs. Dewey extended pragmatism by seeing ideas as tools or instruments “to be 

used as means for consequences” and thus endowing them with meaning. As a 

result, his brand of pragmatism became known as instrumentalism which Dewey 

(1925) described as "an attempt to constitute a precise logical theory of concepts, 

judgments, and inferences in their various forms, by primarily considering how 

thought functions in the experimental determinations of future consequences". Just 

as a scientist employs hypotheses and experimentation as part of the scientific 
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method, Dewey saw learning as a process of creating knowledge though inquiry and 

experience. Not surprisingly, Dewey (1897) stressed that this learning process take 

place in an active, stimulating, social, and experiential environment open to 

experimentation. As for measurements associated with learning, Dewey (1916, 104) 

viewed traditional examinations as “the testing and sifting function of education” 

which gave “no recognition of the infinite diversity of active tendencies and 

combinations of tendencies of which an individual is capable”. Importantly, Dewey 

felt that grading is of use only so far it indicates a student’s social development and 

areas where help is needed. As each individual is unique, so then is the learning. 

Thus, for Dewey, evaluations are used to determine or assess where the student is 

in the learning process and to guide the student through the process. This is 

reflected in Dewey’s affirmation (1897, 78) that “The teacher is not in the school to 

impose certain ideas or to form certain habits in the child, but is there as a member 

of the community to select the influences which shall affect the child and to assist 

him in properly responding to these influences.”  Therefore, in instrumentalism, 

teaching is guiding or facilitating the learning process and not supplying stimuli.    

 

Jean Piaget was a developmental psychologist interested in the process of how 

knowledge is qualitatively developed, especially in children. Building, therefore, upon 

the work of Dewey, Piaget created a theory of cognitive development which posited 

that through experience and an innate mental structure, children act in an 

analogously manner to scientists to construct an understanding of their world. As a 

result, the term constructivism and similar terms were introduced into the educational 

vocabulary, as evidenced by Piaget’s book “The Construction of Reality in the Child” 

(1954). By the 1960s Piaget’s ideas had reached the level of acceptance where a 

review of primary education in the United Kingdom, “Children and their Primary 

School” (Plowden 1967), used them as its theoretical basis. One particularly 

important finding of this report was the strong support of discovery learning 

environments in which children constructed their knowledge. 

 

Similarly to Dewey, Piaget called for an open, active environment as the place for the 

learning process to occur. As to the role of the teacher, Piaget (1974, 16) stated that 

“What is desired is that the teacher ceases being a lecturer, satisfied with 

transmitting ready-made solutions; his role should rather be that of a mentor 

stimulating initiative and research”. An important function of this role is the 

monitoring or assessing the progress of the student throughout the learning process, 

using incorrect answers to provide clues to adapt the learning process. Hence, the 

focus for Piaget was on formatively assessing the process of learning along with 

summative assessments at the end product of the process. Appropriately, the term 

“assessment” entered into the description of constructivist pedagogy and, therefore, 

becomes an additional pedagogical element.   
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Together, teaching, learning, and instruction, assessment, and testing comprise five 

elements common to pedagogy. Table 1 illustrates the differing role of each 

pedagogical element for behaviourism and constructivism.  

 

Table 1. Pedagogical elements and prefixes 

 

e-markers and Research Questions 

What makes these five pedagogical elements dovetail with the idea of e-markers are 

the electronic resources associated with their implementation.  Thus, along with 

online and “electronic” or “e“ resources, other examples include the web, computers, 

and mobile devices. (Note: Although the terms online and electronic are often used 

synonymously, this paper considers them as separate entities.). Furthermore, the 

electronic resource itself may provide different functions. For example, a computer or 

the web can act as a base from which different pedagogical elements are accessed 

as well as assisting or aiding in the implementation of specific pedagogical elements.  

 

Thus, the electronic resource and function terms act as prefixes for any pedagogical 

element in Table 1. The prefixes and elements, when combined, form the e-markers 

which provide the description of the e-pedagogy’s evolution. Examples of the 

possible e-markers are online learning, computer assisted assessment, web-based 

testing, e-teaching, and mobile-based learning. 

 

With the identification of the prefixes and elements that comprise possible e-

markers, two research questions are proposed to achieve the paper’s goal of 

providing an overview of the evolution of e-assessment within the context of an 

evolving e-pedagogy. 

 

Question 1: “What do the observed frequency distributions of e-markers for the time 

period of 1975 to 2012 suggest about the evolution of e-pedagogy and e-

assessment and the current model of e-pedagogy?” 

 

Question 2: “What is the future path of e-pedagogy and e-assessment?”  

 

  
pedagogical elements 

instruction teaching learning assessment testing 

Behaviorism linear directs behavior product summative 

Constructivism non-linear facilitates cognition process formative/summative 

  
Prefixes 

Electronic 
resource 

electronic, computer, mobile, online, web 

Function assist , aide, base 
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A response to these questions first requires finding the frequency distributions of e-

markers for the time period of 1975 to 2012. The following section describes the 

methodology used to achieve this. The subsequent analysis of the distribution results 

as described in the Findings section then provides answers to Questions 1 and 2.  

 

Methods 

A secondary (also known as desktop) research approach was used to gather the 

data. The use of secondary research to gather and synthesise existing research 

enjoys a wide use in marketing and has found application in diverse areas such as 

climate change (Vincent and Cull 2009) and pipeline construction (Denis and Nash 

2012). More specifically, the Corporation for Economic Development (2004, 4) used 

desktop research to review ”key questions, issues and challenges affecting the 

ability of the small and medium enterprise sector to reduce poverty in both 

developing and mature economies.”. As applied here, a search strategy using the 

Education Resources Information Center (ERIC) database was employed to look for 

abstracts containing e-markers occurring in all peer-reviewed publication types 

(journal articles, books, and dissertations) and all education levels (elementary, 

secondary, and post-secondary) for each year from 1975 to 2012. Each search 

consisted of locating abstracts which contained one and only one specific e-marker. 

For example, abstracts containing only the e-marker online instruction and not 

containing e-markers online teaching, online learning, online assessment, or online 

testing were identified. Then, abstracts containing only the e-marker online teaching 

and not containing e-markers online instruction, online learning, online assessment, 

or online testing were found, with the procedure repeated until all e-markers for the 

period 1975 to 2012 were searched and recorded.  

Findings 

Following the procedure previously outlined, a total of 5022 abstracts were identified 

as containing e-markers. Figure 1 shows the frequencies for the top twenty e-

markers over the stated time interval, representing 97% of the total abstracts found. 

As illustrated in the figure, the e-, online, and web-based prefixes combined with the 

learning and instruction elements form the majority of the top e-markers.  
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Figure 1. e-marker frequency over the years 1975 to 2012 

In terms of the frequency distributions, Figure 2 shows the frequency or number of 

occurrences of each element per year for all prefixes. (Note: Since a possible time 

difference existed between research and publication date, a three year moving 

average was used to illustrate trends in the data). Figure 3 shows the frequency of 

occurrences of each prefix per year for all elements.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Element frequency vs. year (all prefixes) 
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Figure 3. Prefix frequency vs. year (all elements) 

 

The distribution of prefix and element frequencies seen in Figures 2 and 3 suggest 

an evolving e-pedagogy currently consisting of three approximate stages – Stage 1 

:1975 to 1990, Stage 2: 1990 to 2000, and Stage 3: 2000 to 2012.  As observed, the 

computer assisted/aided instruction and computer based instruction e-markers 

characterized the initial stage of e-pedagogy evolution with electronic, online, and 

web-based instruction, learning, teaching, assessment, and testing e-markers 

appearing with greater and greater frequency in the current stage. Between these 

two stages is a period of apparent transition involving the decline in frequency of 

computer assisted/aided instruction e-markers and the emergence of electronic, 

online, and web-based instruction, learning, teaching, assessment, and testing e-

markers. It is also noted in Figure 2 that the frequency distribution of the “online” 

prefix parallels that of the “e-“ prefix. However, it is noted that the use of the 

electronic prefix may reference technology other than online resources such as 

stand-alone simulations, CD-ROMs, or word processing.    

 

Research Question 1 

Inasmuch as behaviourism and constructivism represent the two dominant learning 

theories present during the time span specified in this paper, the recognition of their 

influence to Question 1 is clear. More specifically, the answer to Question 1 is found 

by determining what combination of the prefixes and elements (that is, e-markers) 

shown in Table 1 correspond to each theory’s pedagogy at any given time. To 

provide this answer, the concept of a meta-narrative review as developed by 
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Greenhalgh (2004) is adapted for use here. More specifically, “A meta-narrative 

review seeks to illuminate a heterogeneous topic area by highlighting the contrasting 

and complementary ways in which researchers have studied the same or a similar 

topic.” (Wong et al. 2013, 1) Applied to the context of this paper, the meta-narrative 

developed here attempts to describe the evolution of e-pedagogy by determining 

how behaviourism and constructivism have influenced the formation of e-markers for 

the period 1975 to 2012. Creating this narrative requires the completion of two steps: 

1) Using the prefixes and elements in Table 1, identify the e-markers which correlate 

with behaviourist and constructivist learning environments and 2) Integrating the e-

marker frequency distributions with the results of the previous step to create the 

meta-narrative of e-pedagogy in which the evolution of e-assessment may be 

viewed. An important outcome of this narrative is the identification of the current e-

pedagogy as specified in the second part of research question 1.    

 

As previously discussed, the programmed instruction of Skinner illustrates the 

prominent roles of instruction and testing elements in a behaviourist learning 

environment. Furthermore, the use of a computer to assist or aide in the delivery of 

programmed instruction while acting as a “stand alone” base corresponds to 

previously identified e-marker prefixes. Additionally, the internet also assists or aides 

in accessing online and web-based behaviourist resources. 

 

Table 2 summarises the prefixes and elements correlated with behaviourist learning 

environments. The combination of these yields e-markers and includes examples 

such as computer assisted instruction, computer-based testing, and online 

instruction.    

 

Table 2. Prefix and element correlation with learning environments. 

 

 

 

 

 

 

 

 

 

 

Constructivist pedagogy, on the other hand, emphasises the cognitive aspect of the 

construction of knowledge and focuses on all five elements, particularly teaching, 

learning, and assessment. As mentioned previously, the role of the teacher is one of 

a facilitator or guide, actively involved in the process of learning by assessing the 

progress of the student. For constructivist learning environments, instruction is the 

process of teaching, learning, and assessment. Since constructivism focuses on the 

gathering and constructing knowledge, prefixes associate with the ability to find and 

learning environment prefixes elements 

 
behaviourist  

computer assisted/aided 
computer-based 

web-based 
online 

instruction 
testing 

 
constructivist 

 
  

computer-based  
web-based 

online 
e- 
 

instruction 
teaching 
learning 

assessment 
testing 
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communicate information are of importance. Thus, while some information may be 

based in the computer, online and web-based sources, along with the use of mobile 

resources, provide additional sources of information. By once again combining the 

prefixes and elements for constructivist learning environments shown in Table 2, e-

markers correlated to constructivist learning environments emerge, with examples 

being online learning, web-based teaching, e-assessment, and mobile instruction. To 

proceed with the meta-narrative process, the results found in Table 2 are now 

integrated with the description of the e-marker frequencies shown in Figures 2 and 3 

to create the meta-narrative of e-pedagogy.  

 

As previously indicated, the period from 1975 to 1990 represents Stage 1 of an 

evolving e-pedagogy covered in this paper. As observed, the computer 

assisted/aided instruction and computer based instruction e-markers correspond to 

those found in Table 2 for a behaviourist learning environment. Indeed, computer 

assisted instruction and computer-based instruction in this timeframe were 

synonymous with programmed instruction. The absence of constructivist e-markers 

during this period does not suggest an absence of work this area, but rather the 

influence of behaviourism and the limitations of technology required to meet the 

needs of a constructivist learning environment. Thus, the data suggests that the 

model of e-pedagogy for the period from 1975 to 1990 corresponded to a 

behaviourist e-learning environment. In terms of the nature of e-assessment during 

this period, computers were the electronic means available for gathering data 

corresponding to whether behavioural changes, that is learning, had occurred. As 

mentioned previously, the assessment element is not commonly associated with 

behaviourist terminology and was subsumed within the behaviourist learning 

pedagogy and had not yet emerged as part of a specific e-marker. In addition, the 

prefix “e-“, which reflects the later increase availability of learning electronic 

technologies, thus rarely appears. Hence, e-assessment as an e-marker during this 

stage had not risen to an individual status and any assessment or testing performed 

was primarily computer assisted or based. Some examples of the computer assisted 

or based tools of this period include databases, spreadsheets, and expert systems.   

During the transitional Stage 2 of e-pedagogy evolution from 1990 to 2000, computer 

assisted/aided instruction e-markers decline while computer-based instruction 

continued a modest increase. One possible explanation for this change is the 

increasing capabilities of computers to provide more options such as accessing data 

files and providing simulations. Although the computer assisted/aided instruction e-

marker declined, its’ numerical dominance nevertheless implies an association of 

behaviourist e-learning environments with e-pedagogy at the beginning of this 

second stage. Toward the end of this period, the teaching, learning, assessment, 

and testing elements occurred with greater frequency, along with the emergence of 

online and web-based prefixes. When viewed with respect to the results in Table 2, 

the emergence of e-markers associated with constructivist learning environment 

signals its’ appearance as a part of e-pedagogy. This is not surprising when 
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considering that this period also witnessed the emergence of the internet as an 

educational resource. Figure 4 graphically illustrates this point showing data 

compiled the National Center for Education Statistics (2006), the primary federal 

entity for collecting, analysing, and reporting data related to education in the United 

States and other nations. The graph, which indicates the growth in the percentage of 

schools in the United States with internet access over the time span 1994 to 2005, 

closely resembles the electronic and online prefix frequency distributions, preceding 

them by an interval of approximately five years. In summary, both the previously 

established behaviourist e-learning environments and emerging constructivist e-

learning environments existed together in the transitional Stage 2. In addition, e-

assessment changed as more technology became available. Furthermore, the use of 

technology for e-assessment in constructivist e-learning environments using 

multimedia/hypermedia construction tools, micro-worlds, search engines, blogs and 

collaborative knowledge construction environments became more common.  

 

 

 

 

 

 

 

 

 

 

Figure 4. Percentage of US schools with internet access. 

 

In Stage 3 of e-pedagogy evolution from 2000 to 2012, the trends observed in the 

transitional stage continued. Again, the appearance of e-markers associated with the 

teaching, learning, assessment, and testing elements and the rapid increase in 

online and electronic prefixes (Table 2) suggest the continued growth of 

constructivist e-learning environments. While behaviourist e-learning environments 

no doubt also benefited from the accessibility of internet resources, the presence of 

the previously mentioned elements strongly implies the more widespread existence 

of constructivist e-learning environments. Weegar and Pracis (2012) recognized this 

trend when they stated that “there appears to be a theoretical shift more often than 

not from behaviorist learning practices to constructivist learning practices related to 

the increased use of educational technologies, and stemming from the fact that 

many available technologies support constructivist learning platforms.” Thus, e-

assessment emerged as a separate e-marker, as did e-learning, e-teaching, and e-

testing. This emergence of these various e-markers illustrates the impact of 

constructivism on e-learning environments and e-pedagogy, a fact recognized in the 

Innovating Pedagogy 2012 report from the Open University by the statement  
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“Less well known are the innovations in teaching, learning and assessment over the 

past fifty years. Arguably, the introduction of social constructivist methods into 

schools and the foundation of universities based on methods of open distance 

learning have done far more to enhance education than putting computers into 

classrooms.” (Sharples et.al. 2012) 

 

 As the capabilities of computers increased, the creation of more varied 

constructivist-based learning environments using virtual classrooms, computer 

mediated communication, and cooperative learning also increased. Data (Figure 5) 

from a search in the ERIC database for the occurrence of abstracts of peer reviewed 

sources in areas containing the term combinations virtual classrooms (A), virtual 

classrooms and computer mediated communication (B), computer mediated 

communication and cooperative learning (C), and virtual classroom and cooperative 

learning (D) illustrates the rapid growth of research related to constructivist e-

learning environments. In particular, the abstract frequencies reflect a similar 

behaviour to the increases seen in Figures 2, 3, and 4. Examples of e-assessment 

tools associated with these areas include e-portfolios, blogging, social networking, 

and web authoring systems. 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Constructivism technology use areas. 

In summary, the identification and study of e-markers guides a meta-narrative of the 

evolution of e-pedagogy. More specifically, e-pedagogy emerged initially in 

behaviourist learning environments as an aide/assistant to, or base of behaviorist 

learning environments (Stage 1). In this stage e-assessment was electronic testing 

to determine the response to stimuli. With the rise of the internet and continued 

advances in computing technology e-markers associated with constructivist learning 

environments characteristics became more frequent (Stage 2) with the assessment, 

teaching, and testing aspects of constructivism emerging as well. Eventually 

constructivist electronic learning environments emerged as the current e-pedagogy 

model (Stage 3).  

 

Research Question 2 
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To address the second research question, Rogers’ Diffusion of Innovation Theory is 

utilized. Specifically, Rogers (2003, 12) defines an innovation as "an idea, practice, 

or object that is perceived as new by an individual or other unit of adoption." In this 

sense, the current e-pedagogy, as identified from the meta-narrative, qualifies as an 

innovation analysable within the framework of the diffusion of innovation theory. 

According to Rogers (5), diffusion represents “the process by which an innovation is 

communicated through certain channels over time among the members of a social 

system”. In essence, the diffusion of innovation theory maintains that an innovation’s 

adoption proceeds over time through five groups of adopters: innovators, early 

adopters, early majority, late majority, and late adopters (Figure 6).  

 

 

 

 

 

 

 

 

 

Figure 6. Diffusion of Innovation Groups 

 

One particular detail of the adoption process, as described by Moore (2006), is a 

chasm arising from the different viewpoints held by innovators/early adopters and the 

early majority. Specifically, the innovators/early adopters represent the visionaries 

and experimenters whose focus is on the technology, what it is able to do, how it 

might be used, and who might use it. In short, their focus is the technology potential. 

Regarding e-pedagogy, this side of the chasm corresponds, in part, to the authors of 

the papers from which the e-markers are found. The early majority, on the other 

hand, are pragmatists who value how the innovation fits into the organization, what 

disruptions are possible, what resources are required to implement and support it, 

and what existing record, if any, it has. Their focus is therefore on technology 

institutional implementation, and many teachers and administrators comprise this 

early majority on the chasm’s other side. The future and ultimate viability of any 

electronic learning environment representing an e-pedagogy depends upon its ability 

to move from the experimental stage of innovators/early adopters to the 

implementation stage of the institutional early majority. According to Rogers, the rate 

at which this movement occurs depends upon the level of perception of five 

attributes – relative advantage, compatibility, complexity, trialability, and 

observability. An examination of these attributes therefore provides the information 

necessary to forecast whether an identified e-pedagogy can bridge the chasm.  

 

Relative advantage is the degree to which the innovation is perceived as better than 

the idea it supersedes. For e-pedagogy, the flexibility to provide increased access to 

education in a more efficient manner is tacitly perceived as a major advantage. For 
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example, online courses for United States institutions have increased from 

approximately 10% of total enrollment in the Fall of 2002 to 32% in the Fall of 2011 

(Allen and Seaman 2013). The most specific advantage, however, is the perception 

that constructivist electronic learning environments provide the best environment for 

the developing higher order thinking particularly as described by Bloom’s taxonomy.  

 

Specifically, Bloom’s revised taxonomy provides a basis for assessing knowledge 

levels. Efforts such as Hench and Whitelock’s (2012) model to assess metacognitive 

skills online by linking confidence and performance to cognitive skill levels serves as 

an example, as does the call by Elliott (2012) to incorporate existing taxonomies 

such as Bloom’s into an e-pedagogy that reflects the modern capabilities of online 

learning environments. Even though Booker (2007) charged that its use by 

constructivist educators resulted in a de-emphasis of lower order thinking skills, Lee 

(1999) recognized almost a decade earlier that “Whatever its origins, Bloom's 

taxonomy offers a promising approach for designing classroom experiences for 

students, experiences that promote critical thinking and constructivist approaches to 

learning”. Thus, increased accessibility and the perceived ability of constructivist 

electronic learning environments to foster higher order thinking skills together 

represent a major relative advantage.  

 

Compatibility is the degree to which the innovation is perceived to be consistent 

with the existing values, past experiences, and needs of the potential adopters. 

Since the innovators and early adopters developed and subsequently adopted 

constructivist electronic learning environments, the values, practices, and needs 

examined represent those of the many teachers and institutions which make up the 

early majority. However, the compatibility of constructivist pedagogy itself precedes 

any subsequent inclusion in an electronic learning environment. While Barr and Tagg 

(1995) state that a paradigm shift from behavioral instruction to constructivist 

learning is needed, Schuyler (1997, 4) recognized that to make the shift “the entire 

structure would require reform including the measurement of units of learning based 

on knowledge instead of time spent in class” and “the redefining of the very concept 

of efficiency and production itself in higher education from cost per hour of instruction 

to cost per unit of learning.”  

 

Clearly, such an effort presents great institutional challenges. Furthermore, 

Richardson (2003, 1635), in citing two cases where both teacher-centered and 

student-centered pedagogy succeeded equally well, cautions about assuming that 

constructivist pedagogy is “the best practice for everyone”. While Duffy and 

Cunningham (1996, 187) see educational technologies as “an integral part of the 

cognitive activity”, Gance (2002) takes issue as to whether computer-based 

educational technology is, as claimed by some, inherently constructivist and whether 

its application in some cases is potentially detrimental. In addition, Scholtz (2007) 

writes even those who favour constructivist learning environments nevertheless have 

concerns regarding assessment in the areas of validity and reliability of summative 
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high-stakes situations. Schwartz, Lindgren, and Lewis (2009) caution that though 

teachers have been employing non-constructivist assessments in a time when 

constructivism is widespread constructivism can provide guidance in developing 

effective assessment techniques and propose a shift in emphasis from instruction to 

assessment when applying constructivist ideas. In view of these comments, the 

viability of constructivist electronic learning environments requires further research 

before a wholesale effort to achieve compatibility commences by restructuring 

schools, classrooms, and teacher education courses.  

 

Complexity is the degree to which an innovation is perceived as difficult to use. 

While issues of implementing constructivist activities are addressed as part of the 

trialability attribute, the language used in constructivist literature represents potential 

problems in developing these activities. Slezak (2010, 108) maintains that the jargon 

of constructivism itself often is mistaken for deep theory which inhibits meaningful 

applications. For example, “unbroken contingent flow of communicative interaction 

between human beings” translates as “talking” and “communities characterized by 

distinct discursive practices” equates to “different groups”. His view is also advanced 

by Davis and Sumara (2002) who fault the constructivist vocabulary for limiting the 

generation of initiating new ideas and hindering practice. In addition, Gordon (2009) 

specifically lists the lack of clarity and coherency in the literature regarding the 

varying versions of constructivism as major reasons for the absence of concrete 

teaching proposals and suggests that the role of teachers as appliers and not co-

developers of constructivist theory further deepens misunderstanding of the 

constructivist view. If constructivism cannot be easily understood, then an e-

pedagogy based on constructivist electronic learning environments cannot be 

properly conceived and implemented.  Thus, a less complex constructivist theory is 

needed. 

 

Trialability represents the opportunity to experiment with the innovation on a limited 

basis. Here, the data presented in Figures 1 to 4 suggest the magnitude of the work 

done already in investigating the different components of constructivist learning 

environments. An important factor in determining the trialability is whether 

constructivist learning theory provides examples of actual teaching activities. Models, 

such as those proposed by Jonassen (1999) aimed at solving authentic, real world 

problems, offer important perspectives in designing constructivist learning 

environments with aspects of objectivism (behaviorism) included within them. 

Nevertheless, Geer and Rudge (2002) found that one major detriment to the 

implementation of constructivist strategies is “simply figuring out how to translate 

even practical techniques offered by other authors to their own teaching contexts.” 

This issue also relates to the previously mentioned complexity of constructivist 

language. In an article questioning the efficacy of pure discovery-based learning, 

Mayer (2004) advocates for a more clearly stated expression of constructivist theory 

in order to make testable predictions verifiable by evidence-based arguments. 

Tobias and Duffy (2009) add that constructivism is more a philosophy than a theory 
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and state the need for research to identify common design principles. Hence, a more 

adaptable constructivist theory is needed to ensure the trialability of constructivist 

electronic learning environments.     

 

Observability is the degree to which the innovation results are visible or available to 

others. As with the trialability attribute, the previously presented data represent the 

availability of results of “trials” or investigations. However, Geer and Rudge (2002, 1) 

conclude that “a major detriment to successful implementation of constructivist-

based strategies “is a lack of familiarity with relevant science education literature” 

and “difficulties science faculty may have in interpreting the results of education 

research”, a conclusion consistent with the previously discussed constructivist 

language concerns. In short, the literature is available but possibly not always 

observed (that is, read) or understood, with lack of preparation time and technical 

support constituting major barriers (Ward 2001; Geer and Rudge 2002; Sicilia 2007). 

Until constructivist theory reaches the main steam of education, the observability of 

constructivist electronic learning environments results remains limited.   

 

In summary, constructivist electronic learning environments presently straddle the 

institutional adoption chasm. Until constructivist theory becomes less complex and 

difficult to apply, constructivist teaching will remain, as Sjøberg (2007, 8) states, as a 

research program with “a set of ideas that provide a platform of common 

assumptions and ideas about certain phenomena.”  If constructivist electronic 

learning environments are to achieve a high degree of institutional implementation, a 

research-supported constructivist theory of teaching and assessment is required. 

Such a theory with less complexity and greater compatibility, trialability, and 

observability provides an e-pedagogy model based in a constructivist electronic 

learning environments with a firmer footing to bridge the chasm. This conclusion is 

supported by the New Media Consortium Horizon Report: 2013 Higher Education 

Edition (Johnson et. al. 2013). One of the highest ranking challenges to the 

institutional adoption of technology cited by the report relates to the implementation 

of new learning models and directly addresses the complexity, trialbility, and 

observability attributes of innovation adoption. Specifically, the report concludes that 

one challenge for faculty and academic decision makers is to “frankly evaluate the 

models and determine how to best support collaboration, interaction, and 

assessment at scale”. As applied to this paper, the meeting of this challenge 

requires, as previously noted, a research-supported constructivist theory of teaching 

and assessment. 

 

As for the future of e-assessment, the issues associated with its development echo 

those encountered with the institutional adoption of constructivist electronic learning 

environments. Again as noted in the Horizon report, “The emergence of new 

scholarly forms of authoring, publishing, and researching outpace sufficient and 

scalable modes of assessment”. Addressing what are essentially compatibility, 

complexity, and trialability issues, the report goes on to note that the assessment of 
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blogs, tweets, and reader ratings “are not yet well understood, creating a gap 

between what is possible and what is acceptable.” Thus, if constructivist or any other 

electronic learning environments is to gain institutional acceptance, research in 

identifying e-assessment options is critical.   

   

Conclusion and Future Work 

Whether or not a model based solely on constructivist electronic learning 

environments is able to cross the chasm to institutionalisation is still uncertain. As 

Shield (2000) notes “different learning objectives may require different teaching and 

learning strategies to achieve them” and that many teachers already employ a blend 

of behaviorist and constructivist strategies to assess the range of thinking skills. 

Furthermore, Ebert’s (2012) comment that both behaviorism and constructivism have 

relevancy when dealing with educational technology implementation suggests that a 

blended approach may be a possible future of e-pedagogy. In addition, possible 

leveling off of certain elements and prefixes and the current rapid rise of the mobile 

pedagogical element (Figures 1, 2, and 3) suggest potentially new directions in e-

pedagogy as technologies change, a conclusion supported by the Innovating 

Pedagogy 2012 report (Sharples et.al. 2012, 6) statement that “Education is now 

inextricably tied to technology, whether through teaching with electronic whiteboards 

in class or sharing ideas with friends over social networks.” Indeed, the current 

interest in massive open online courses (MOOCs) built around connectivist learning 

principles suggests a future path of research in the evolution of e-assessment and e-

pedagogy. The possible appearance of a “massive open” prefix in e-markers such as 

massive open online assessment, mobile massive open online teaching, or massive 

open web-based learning would be a signal of yet another step in the evolution of e-

assessment and e-pedagogy. A recent paper (deWaard et. al. 2011) describing a 

MobiMOOC (a course focusing on mobile or mlearning) illustrates such an 

occurrence . Regardless the direction of e-pedagogy and e-assessment, “frank” 

evaluation and peer-reviewed research must continue to be used to evaluate their 

implementation and effectiveness. 
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